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sion into numbers, and cubing it, we find the value of M to be 
1*0027259, which agrees very closely with the value found by 
Sir George Airy by comparing the constant terms on the two 
sides of his equation (10). 

The other two ways of finding M proposed by Sir George in 
p. 76 of his Theory, viz. by comparing the quantities on the two 
sides of the equations (10) and (12), corresponding to the 
arguments 2 and 301 respectively, are not satisfactory, as the 
results will be affected by errors in the theoretical determinations 
of the mean motions of the Moon’s perigee and node respectively. 

The multiplier M, representing the sum of the masses of the 
Earth and Moon, must be employed wherever the mutual attrac¬ 
tion of these two bodies comes in question. In Sir George Airy’s 
note at p. 254 of the March number of the Monthly Notices , he 
calls M the coefficient of a solar term, but this is plainly a mis¬ 
take. I should mention that I have already communicated the 
substance of this paper to Sir George Airy himself. 


The Positions for 1750*0 and Proper Motions 0/154 Stars south of 

—-29° declination deduced from a revision of Powalky's Reduc¬ 
tion of the Star Places of Lacailte’s Astronomies Fundamenta. 

By A. M. W. Downing, M.A. 

In the report of the Superintendent of the U.S. Coast and 
Geodetic Survey for the year ending June 1882, the late Dr. 
C. R. Powalky published “ a new reduction of Lacaille’s observa¬ 
tions, made at the Cape of Good Hope and at Paris between 
1749 and 1757, and given in his Astronomice Fundamenta , together 
with a comparison of the results with the Bradley-Bessel Fun¬ 
damental also a catalogue of the places of 150 stars south of 
declination —30°, for the epochs 1750 and 1830.” Powalky’s 
catalogue thus depends on the star places of Bessel’s Funda¬ 
mental that is to say, the assumed right ascensions of the stars 
used for determination of clock error are those of the Tabulce 
Regiomontance or of the Fundamenta , and systematic corrections 
to Lacaille’s declinations have been determined by comparing 
them with the same authorities. It is the object of the present 
paper to deduce the necessary corrections to Powalky’s places 
of the stars observed at the Cape, so as to make them depend on 
Auwers’ re-reduction of Bradley, and to determine the proper 
motions resulting from a comparison of these corrected places 
with the mean for the epoch 1875 of Stone’s Cape Catalogue, and 
Gould’s Argentine General Catalogue. The various processes 
of reduction are not very clearly explained by Powalky, and on 
my writing to Professor Peters, of Clinton (who examined and 
reported on the paper), to ask if he could supply me with any 
further information, he had the great kindness to cause a search 
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for Powalky’s MSS. to be made, a search which unfortunately 
proved unsuccessful. It was necessary therefore to go through 
some of the computations in order to ascertain how the star 
places used in the reductions had been deduced from Bessel’s 
places, and as the result of this examination it appeared that the 
apparent places of the stars contained in the Tabulce Begiomon - 
tance, which were used for clock error, were taken without al¬ 
teration from that work (with the exception of Sinus 7 the 
apparent places of which were corrected for orbital motion as 
determined by Auwers), and that the apparent places of stars 
taken from the Fundamenta were brought back from 1755 with 
the annual precessions of the Fundamenta , without proper 
motion, but with “ star corrections ” computed from the modern 
elements. It has been assumed, therefore, that Powalky’s “ star 
corrections” are correct throughout (he states that the “day 
constants” for 1750-1757 were taken from Struve’s Tabulce 
Quantitatum Besselianarum pro annis 1750-1840), and that in 
bringing back the places from the Fundamenta he has used the 
precessions of the Fundamenta , omitting proper motions. In 
revising the assumed right ascensions of ‘"clock” stars (which as 
well as the southern stars were observed by Lacaille at the Cape by 
the method of equal altitudes, using an iron 3-foot quadrant in 
connection with a 3^-foot telescope and a clock of Le Boy), it 
was therefore necessary to compute “ star corrections ” for Sirius 
and for the other Tabulce Begiomontauce stars for each day on 
which they were observed, using the Tabulce Quantitatum Bessel¬ 
ianarum pro annis 1750-1840, and Stone’s u Tables for Constants 
of Star Reductions ” adapted to the epoch. The proper motions 
were, of course, taken from Auwers* Bradley, and the places of 
Sirius and Procyon further corrected for orbital motion in ac¬ 
cordance with the elements determined by the same astronomer 
( Publ . Ast. Ges. R0. vii., and Ast. Nadi. No. 1373). The apparent 
places of the Fundamenta stars as given by Powalky were cor¬ 
rected for proper motion, difference between Bessel’s and Struve’s 
precessions, and difference between Bessel’s and Auwers’ reduc¬ 
tion of Bradley. The clock errors deduced from observations of 
the Sun, for which the Hansen-Olufsen Solar Tables were used, 
have been retained unaltered. From the clock errors thus cor¬ 
rected the revised right ascensions of the southern stars were 
determined. With but two or three exceptions these were 
observed on one day only, and it is difficult to form an estimate 
as to the probable errors of the positions ; from forty observa¬ 
tions of Sirius , however, made on days when there was a fair 
independent determination of clock error, the mean right ascen¬ 
sion for i75i‘o is 6 h 34 m io s *626, with probable error of a 
single determination =to s, i82, which should not differ much from 
the probable error of a Catalogue place. The maximum cor¬ 
rection applicable to the right ascension of a southern star as 
reduced by Powalky is o s *i5. 
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Observations of zenith distance were made by Lacaille at the 
Cape with 

I. Sextant with 6-foot telescope, 

II Sextant with 5-foot telescope, 

III. Sector, 

some details of the construction of which are given by Powalky, 
pp. 470, 471. 

For the latitude of Lacaille’s observatory at the Cape, 
Powalky’s value (—33° 55' i5 //# 8) has been used. It is stated on 
p. 471 that the refractions have been computed from the Pul- 
kowa tables, with “corrections for mean temperature (from 
Dove’s tables) and barometer.” 

Corrections to the Fundamenta declinations, as given by 
Powalky, of the Bradley stars observed by Lacaille at the Cape 
have been determined in the same way as for the right ascensions, 
and corrections to Lacaille’s three series of declinations, of the 
form x sin 8 -f y cos 8 , deduced by the method of least squares from 
the comparison of Lacaille’s places of these stars with the stan¬ 
dard places, in combination with the observations of circum¬ 
polar stars observed above and below the pole. The three 
series of corrections, compared with the corresponding ones 
deduced by Powalky, are : 


I. a. 

// 

+ 6*9 sin 5 

+ 3*4 cos 8 

0. 

+ 6t> 4 sin 8 

+ 3-05 cos 8 

II. a. 

+ 8-33 sin 5 

+ 4*45 cos 8 

/ 3 . 

+ 579 sin 8 

+ 4-43 cos 5 

III. a. 

+ 20 '5 sin 5 

+ 11*5 cos 8 

0. 

+18-29 sin 8 

+ 10-91 cos 5 


The figures I. II. and III. refer to the three series of declin¬ 
ations observed by Lacaille with his different instruments 
described above, and a and fd are the corrections deduced by 
Powalky and in the present investigation respectively. The 
differences found between these may to some extent be due to 
difference of treatment. In the present investigation, for con¬ 
venience of computation, the stars have been combined in groups, 
the correction deduced from each star place being given equal 
weight, independently of the number of observations on which it 
depends, and in I, and II. the groups have been given weights 
equal to the number of stars included in each, whilst in III., as 
the distribution of groups is unfavourable, each group has been 
given equal weight. It is not quite clear what course has been 
followed by Powalky in this part of the work. The application 
of these corrections gives- the final catalogue declinations, which 
in general depend on observations made with one instrument 
only, but in those cases (there are ten of them) in which more 
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than one instrument has been used, the agreement is satisfactory, 
the average discordance being 2"*8, and the maximum discordance 
5 // *7. In combining observations made with different instru¬ 
ments, half weight has been given to II. From Powalky’s paper, 
p. 475, where he gives the separate re-reduced observations of 
zenith distance of a Virginis , it appears that the probable error of a 
single declination observed at the Cape with the sextant (principal 
telescope) is ±3"'2, and with the sector is ±i"-4; the correc¬ 
tions of the form x sin 8 + y cos S are much more satisfactorily 
determined for the former than for the latter, and it appeared 
preferable, therefore, to give the results derived from these two 
instruments equal weight when combining them. Powalky gives 
no data for determining the probable error of a declination 
observed with the smaller telescope on the sextant. The 
declinations in the Catalogue depend generally on five or six 
observations. 

For further details of the observations and their reduction 
the reader is referred to Powalky’s paper. 

A catalogue of the places of 154 stars south of declination 
— 29 0 for the epoch 1750*0 having been thus formed, precessions 
for that epoch were computed by the help of Stone’s “ Tables 
for Constants of Star Reductions” before mentioned. With 
these precessions and their secular variations, deduced from com¬ 
paring them with the precessions given in the Cape Catalogue 
for 1850, the places of the stars were brought up to 1812*5, the 
middle epoch between 1750*0 and i 875'°> an d the precessions 
again computed for 1812*5. We thus have precessions for three 
equi-distant epochs, 1750*0, 1812*5 and 1875*° (the latter being 
taken from Gould’s Catalogue), and therefore the mean annual 
precession for the interval 1750-1875 

which is accurate to the fourth power of the time. 

By means of the mean annual precessions computed from this 
formula, Lacaille’s places have been brought up to 1875*0, and 
compared with the mean of Stone’s Cape Catalogue (brought 
back from 1880 with the proper motions of that Catalogue), and 
Gould’s Argentine General Catalogue, and thus the proper 
motions given in the following catalogue have been determined. 

The same method has been followed for all the stars contained 
in the catalogue except r Octantis (Dec. 1750=88° 50'), for 
which the rigorous trigonometrical formulae have been used. 

Where a star in the catalogue is designated by Lacaille’s 
number, the reference is to the number in Lacaille’s Zone Cata¬ 
logue of 9766 stars. The approximate places of stars observed 
in one element only have been taken from the same catalogue. 

In the case of a Gentauri the common proper motion has 
been found by comparing the mean of the places of the two com¬ 
ponents for 1750, brought up to 1875, with the mean of their 
places for 1875. 
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Prof, Oudemans , On the 


xlyiii. 7, 


On the Condition that in a Double-Image Micrometer the value of 
a Revolution of the Micrometer Screw be independent of the 
Accommodation of the Eye. By Professor J. A. C. Oudemans. 


Putting the focal lengths of the lenses of the micrometer 
(beginning from the object-glass), p, q, r, s ; the intervals between 
the lenses (in the same order), a, b, c ; then the proportions 
pointed out by Valz, adopted by Sir G. Airy, and by the con¬ 
structors, Messrs. Troughton and Simms, are (. Monthly Notices, 
vol. x. p. 161): 

Focal length of front lens mp = arbitrary,* 

„ divided lens = q = — I, 

„ field-glass = r= -fi, 

„ eye-glass . . = $= + I, 

Interval between front and divided lens a 

„ divided lens and field-glass b- 1, 

„ field-glass and eye-glass <2 = 3. 


Supposing the eye to be hypermetropic, so that it accommo¬ 
dates for rays converging to a point lying behind the eye-glass 
at a distance D, then, if we follow the rays of light from the eye 
to the focus of the micrometer, these rays, after passing each 
lens, will intersect the axis successively in four points, P, Q, R, S ; 
if we put the distances of these points beyond the lastly passed 
lens, = D', c', V, and a', these values all depend on D. 

Let p be the distance between two successive turns of the 
micrometer screw, and p' the corresponding quantity in the 
measured object, we have 



t 

P 


a' 

a—b' 


( 


1 + 



or, putting b—e' = e, 


but 


thus 



V=*L, 

e-q 




fl ,_ {a-V)p a' _ p 

a-b'—p a—b f a—b'—p 


P 


a-JL-p 

e-S 




-I 


* In the micrometer, constructed by Messrs. Troughton and Simms for the 
Leyden Observatory, in 1855, there are four front lenses, giving four magnify¬ 
ing powers, and having a focal length of 1, f, and The inch seems to 
have been taken as unity. 
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